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TRANSISTORIZED ~ OSCILLATOR  TYPE

CONTROLLER

I. PREFACE

With recent expansion of the application range of
automation has come a demand for a controller that
indicates, warns and controls accurately and yet is
simple to operate, inexpensive and completely relia-
ble.

To meet this demand, Fuji Electric has manufac-
tured the TZ type controller, incorporating many
outstanding features. With this TZ controller as the
basis, Fuji Electric has produced a transistorized
controller, Model TZ-II (abbreviated name: TRAN-
ZET): performance characteristics have been much
improved and its handling has been greatly simplified.

This transistorized oscillator type controller, TZ-II,
utilizes a highly accurate, stabilized and unique
span-band suspension moving-coil type galvanometer
and a transistor circuit; it is stable against vibration
and variations of environmental temperature and
power supply voltage ; it indicates, alarms or controls
accurately.

This controller is best suited for use in indicating,
warning or controlling of industrial quantities such as
electric furnace temperature, injection type plastic
molder temperature, package boiler’s combustion, etc.
The external appearance of this controller is shown in
A general description of the controller

Fig. 1

Transistorized oscillator type coniroller (TZ-11)

By Kiyoshi Yamamuro

Toyoda Factory

Il. OUTLINE OF OPERATION

1. Indicating Mechanism

1) Measuring element

The principal part of this controller ; the pointer
indicates measured values on a 110 mm calibrated
scale. This measuring element is an external magnetic
type which uses a unique span-band for the suspen-
sion of its moving coil. The span-band suspension
method has been used in Fuji Electric’s various
meters ; it has the following outstanding features :

(1) Absolutely no error due to friction

(2) High accuracy and durability

(3) Highly resistant against vibration and shock.

Because of the shielding effect of its case, the
controller is not affected by external magnetic field -
or ferrous materials.

Table 7 shows the performance characteristics of
this measuring element. As a thermometer, it com-
pletely fulfills the requirements prescribed by JIS for
class 1.0 thermo-electric and resistance type meters ;
outside of its tolerance deviation, it is equal to JIS
class 0.5 in all respects.

2) Current and voltage measurements

The current that flows through the controller is
divided by a built-in shunt. The current that flows
through the measuring element is limited to 100 ua
(the current sensitivity of the galvanometer). In a
voltage measurement, a series resistance limits the
current flowing through the measuring element to
100 za. When measuring temperature using a
thermo-couple, this controller indicates the tempera-
ture accurately because of a built-in cold junction
temperature compensator.

3) Resistance measurement

Current flowing through the measuring element, as
in the cases of current and voltage measurements, is
limited to 100 za by means of voltage stabilizer
and bridge circuit. Fig. 2, 3 and 4 show voltage
stabilizer connection, voltage and temperature
characteristics respectively.

4) Adjusting circuit for wiring resistance (Fig. 5)

The following is an explanation of the function of
this circuit as applied to temperature measuring
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Table T Measuring element performance list

Thermo-couple thermometer Resistance thermometer

TZ-11 JIS 1.0 class TZ-11 JIS 1.0 class
Permissible error +1.0% +1.0% +1.0% +1.0%
Friction 0 0.4 mm 0 0.4 mm
Effect of ambient temperature 0.525 /10°C 0.525 /10°C 0.325/10°C 0.52 /10°C
Effect of external magnetic field immeasurable 49 /400 amp./m immeasurable 1% /400 amp./m
Effect of external ferrous material immeasurable 0.1% immeasurable
Internal resistance (PR) 10 @/mv 5Q/mv
Internal resistance (IC%) 10 Q/mv 2.5Q/mv
Internal resistance (mv) 10 Q/mv 5Q/mv
Effect of supply voltage 0.52%+1.5% 0.52% /+20%

I

Fig. 2 Voltage stabilizer connection diagram
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Fig. 4 Voliage stabilizer temperature characteristic

using a thermo-couple. This circuit forms a bridge
circuit using the measuring element as the galvano-
meter ; by adjusting the circuit adjusting resistance
(R;), the pointer indicates zero. For instance, if
the switch is turned to (R, adjusting) before the
temperature of the thermo-couple goes up, the pointer
deflects according to the value of the external circuit
resistance. Adjust the resistance R; so that the
pointer will indicate the mechanical zero.

Fig. 5 is redrawn, a bridge circuit with (R,+R))
as one of the sides, as shown in Fig. 6, is obtained.
The balancing condition of this circuit can be ex-
pressed by the formula (1),

Rz+Rj:£3<R2+~ 27 >— MTe (1)
R, 21+ ¥+ 7, 2r +r+7,,

Tn this controller, the values of the resistance of the
right side of the bridge are pre-determined so that
R,+R; of the above formula will be 10 ohms.

Accordingly, if (R,) is adjusted so that the pointer
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Fig. 6 Resistance adjusting equivalent circuit

indicates the mechanical zero, the value of R,+ R,
will be 10 ohms, completing the adjustment.

2. Control Mechanism

The control mechanism will be described using a
temperature control as an example. Q
In Fig. 7, when the temperature of the object be-
ing measured rises, the indication becomes higher

than the set point.
At the same time, the screen plate attached to the

Span-band suspention
- Salvanometer

Thermg -
couple

Scale plate 1

L Relay
Setting pointer

Fig. 7 Working principle diagram

vol. 9. No. 4 FUJI DENKI REVIEW



pointer becomes a screen between the oscillator pickup
coils, L, and L, mounted on the setting arm.

Because of the above, the mutual inductance be-
tween the coils L, and L, decreases. Therefore, the
oscillator output voltage and output voltage of the
amplifier-rectifier circuit (Schmitt circuit input voltage)
also decreases. As a result, the relay is released by
the Schmitt circuit. On the other hand, if the
temperature of the object being measured decreases,
the indication becomes lower than the set point;
at the same time, the screen plate is removed from
the space between the coils L; and L, and the
mutual inductance between the coils L, and L, in-
creases. The oscillator output and amplifier-rectifier
circuit output voltages increase. As a result, the
relay is operated by the Schmitt circuit.

Based on the above principle, the controller, as
will be decribed later, is capable of very stable on-
off response.

Fig. 8 shows the relationship between the input
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Fig. 8 Input deviation-oscillator voltage characteristic

deviation and oscillator output voltage.

1) On-off action

In “on-off ” action, if the indication becomes
greater than the set point, the relay releases ; when the
indication becomes less than the set point, the relay
operates. The space between the operating and
releasing points of the relay is called a hysteresis
band. The width of this band should be as narrow
as possible, but if it is too narrow, a relay mal-
function may be caused by a small external vibration
and the relay may vibrate mechanically. In this
controller, as shown in Fig. 9, the above is solved
by a lagging feedback of a CR circuit. As a result,
this controller has a narrow hysteresis band and
performs fully stabilized actions regardless of vibra-
tion.

This principle is described below. The feedback
circuit of Fig. 9 is redrawn, it becomes as is shown
in Fzg. 70. When the relay releases, the contact

Transistorized Oscillator Type Controller
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points b-c¢ close to form a charging circuit. Con-
versely, when the relay operates, the contacts a—c close
to form a discharge circuit.

In Fig. 70, if the maximum value of the voltage
at the ends of the resistance » is taken as V,,, the
voltage V', across the resistance 7 £ seconds after the
relay releases can be expressed by formula (2).

o e:Tt‘) .............. )

On the other hand, the voltage V; across the
resistance 7 ¢ seconds after the relay operates is ex-
pressed by formula (3).

—t

V=V, e”

RC

where T:T (time constant)

This voltage V, is termed feedback voltage. The
maximum value of the feedback voltage 1/, can be
adjusted by varying the resistance 7.

V,, of the formulas (2) and (3) is equal to V.-
Vo,-dV and the sum of the feedback voltage 1,
and the oscillator output voltage is impressed be-
tween A~-B of the Schmitt circuit input shown in
Fig. 9.

The ielay operates when the Schmitt circuit input
voltage (the voltage of A-B of Fig. 9 which will be
called V,, hereafter) is V,, and releases at V,,
When the relay releases, feedback voltage as shown
in the charging curve of Fig. 77 is impressed on
A-B. Conversely, when the relay operates, the
voltage impressed on A-B by feedback decreases
along the discharging curve of Fig. 77. An explana-
tion will be made referring to Fig. 77.

Suppose that the pointer movement, compared to the
time constant 7" of the feedback CR circuit is greatly
retarded. As the deviation moves from negative to
positive or as the input is increased and the indica-
tion nears the set point, V., decreases along a-b-c
of the curve of Fig. 77. As the deviation reaches
+dT, V, 4, becomes V,,, and the relay releases. As
a result, V,, rises along the charging curve with
time and becomes V,,-dV. 1In other words, it moves
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Fig. 11 Explanatory diagram of on-off action

from point ¢ to point b of Fig. 77. Further, as the
deviation becomes positive, V,, (oscillator output
voltage plus feedback voltage) decreases along the
curve d-e.

On the other hand, as the deviation moves from
+dT to —dT, V,, rises along the d-f curve of
Fig. 77 and reaches point f. As a result, Vi,
changes to V,, and the relay operates, closing the
contacts a—c; V,, decreases along the discharging
curve and becomes V,,, +4V, or it moves from
point f to point b.

As it has been explained above, the relay operates
when the deviation is — 47T and releases at +47T.
Therefore, the hysteresis band is 247. The relation-
ship between 24T anddV, if the slope of the devia-

" tion-oscillator output voltage curve is taken as tan 6,
can be expressed with the formula (4).
24T=dVjtan 0. ............... €))

Acccordingly, the hysteresis band 247 may be
adjusted to suitable value by changing 4V with
amount of feedback.

With a feedback of this description, the controller
is stable even against excessive vibration. This will
be explained by referring to Fig. 77. To have the
relay operate ¢ seconds after its releasing, I, , must
rise from P to Q point in Frg. 77. If this is
transduced into deviation, it must change from +47
to —7/. Stated conversely, if the variation of the
deviation is from +47T to less than —7'/, the relay
does not operate. This is equivalent to an increase
in the hysteresis band. The hysteresis band converted
to a voltage value is the difference indicated by
broken line between V,, and charging curve shown
at the left in Fig. 77. That this decreases with time
and that it becomes 4V with sufficient lapse of time
can be clearly understood from Fig. 77. Fig. 72
and 73 show “on-off ” action, voltage and temper-
ature characteristics.

2) Proportional action

This can be explained by using temperature control
as an example. To keep the temperature of a furnace
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Fig. 13 On-off action temperature characteristic

at a set value, it is necessary to obtain the required
heater output. Also, when the set value and load
change, the corresponding output must be obtained.
This controller controls the temperature automatically
with a single heating unit. The reason for this is
that this controller, by changing the proportion of
the time 7,, during which the power is supplied to
the heater and the time 7;, during which the
power is off to obtain an average value, causes.the
heater to produce a suitable output. In this con-
troller, the proportion of the time 7,, during whicih
the relay is operating and the time T, during
which the relay is not operating is changed by the
oscillator output voltage or the temperature devia-
tion. Thus an output proportional to the deviation
can be obtained.

T

— .. 5
Tan_l_Toff ( )

When the deviation is more negative than —d4dT,,
the relay continues to operate. Therefore, p is equal
to 1. On the contrary, if the deviation is more
positive than 447, the relay stays open. Thus
p=0. When the deviation is between —4T, and
+ 4T, the relay repeats on-off responses, and the
proportion between the time T, and 7, changes.
As a result, p changes from p=1 to p=0. 24T,
at this time is called a proportional band.

A specific case of controlling a furnace of capacity
W with this controller will be studied. From the
formula (5), the average output of the furnace be-
comes py.

This average output py is a function of the devia-
tion and varies from W to zero within the propor-
tional band.

If the cycle T' (I'=T,+7T,;) of the relay is
sufficiently small compared to the time constant of
the furnace, the furnace temperature balances at a

‘O:
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certain temperature ¢ within the proportional band. pecTon

tion #~t is called an offset; without the addition 0
of an integral action, it does not become #,=1
automatically. The integral action is not used in

this controller but #, can be made to equal t by o0l m

means of a manual offset correcting device. This

70 20 k4 40 50
Ambient  temperatyre (C)——

That is, there is practically no variation in the control WT Tom® Tof?
result. The set temperature #, and the control result £=072
or the balanced temperature ¢ have the following 20
relationship : the average output when the deviation
is t~t and the furnace capacity required to bring S oy
the furnace temperature to ¢ are equal. This devia- é pl— P05
7::§
[

controllers’s proportional action characteristic is shown ~Jok
in Fig. 74 and proportional action temperature

g g ig. 15 i i teristi
characteristic and voltage characteristic are shown Fig Proportional action temperature characteristic

in Fig. 75 and Fig. 76 respectively. The principle
of the proportional action will be explained using poTon

. a0 TontToff
Fig. 77. ' o 9mgi

As in the case of “on-off ” action, the principle \\
diagram is shown in Fig. 9. Compared to the
maximum feedback voltage V,, of “on-off”

“action, the maximum feedback voltage V,,, of the
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~ proportional action is made large. The voltages V, N TV R —T
and V,, must satisfy the conditions of the formulas Supply voltage (V) —=
10
(6) and (7).
| e ©) wr———
Var=Vogs < Vo< Vg eeev i @)
In Fig. 717 (a), the feedback voltage is added to a0

Fig. 16 Proportional action voltage characteristic

10

. the oscillator output voltage and the sum V,, be-
Ton+Tofs comes V,. For instance, Fig. 77 (a), when the
— Eyporimenfal valie point A is reached, the'relay operates. A§ a resglt,
——Theoretical value the contacts a—c of Fig. 9 close and discharging
starts ; the feedback voltage decreases gradually, and
the voltage V,, becomes V,,, When the point B
in Fig. 77 (a) is reached, the relay releases and
the contacts b-c of Fig. 9 close and charging
begins. The feedback voltage, therefore, rises along
the charging curve. V,, moves from the point C to
the point A4 of Fig. 77 (a) and the relay operates.
The above actions are repeated and the relay
repeats on and off. As the oscillator output voltage
decreases gradually from V, to V, TV, etc., or as
} the deviation moves from negative toward positive,
i the time 7, becomes less than the time 7,,,. This
! condition may be understood from a study of Fig.
717. In Fig. 77 (b), the setting and indicating values
are coincident with each other, and 7,, T, are
equal. :
Let V,.=voltage between A-B of Fig. 9 at
which the relay operates,
V,;;=voltage between A-B at which the

T=Ton+Toff

. . ’ . relay releases
20 -10 +10 +20 % 4
Dew}?z‘/‘a(r); %) 0% Vpm=maximum feedback voltage
V,=oscillator voltage,
Fig. 14 Proportional action characteristic then, T,, and T, can be expressed by the formulas

Transistorized Oscillator Type Controller m
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of (8) and (9) respectively.
-V,

V.
=11 e 8)
Voff_ Vo (
Vot Vo=V,
T, =Tl -2t "0 “off . . ... 9
where T= _CZ& (time constant)

3) Derivative action

This controller performs a derivative action as well
as a proportional action. It functions to maintain
the indication at the setting value during rapid load
variations for stable con-
trol. The derivative action
of this controller is des-
cribed below.

When the in-put changes
rapidly toward positive
direction, the time for the

Fig. 718 shows a condition in which the oscillator
voltage is increased by 4V because of a rapid change
of the deviation in negative direction directly after
the relay had operated at the oscillator voltage V.
The time for the relay’s initial operation is longer
by 4T,, than the relay’s operating time 7,, when
the oscillator voltage is V,+4V.

In Fig. 78, when the oscillator voltage is ¥, the
relay operates at the point 4 and releases at the
point B. Next, if the oscillator voltage is.increased
by 4V immediately after the relay operates at point

Discharging curve Charging curve

relay’s initial operation is Vow
made short or the time for
the initial releasing of the

relay is made longer to

VorF

Vo+4V

cause the in-put to swing
in the negative direction.
On the other hand, if the
in-put changed rapidly in

Volts (V)

I
I
!

Ity
7|
™
l//

af

‘u‘l\
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the negative direction, the
controller lengthens the
time of the initial relay

-~~~ —

e S B

e

operation or shortens the
time of the initial relay
releasing, bringing the in-
put in the positive direc-

Time (sec)

I Torr |Tow | TorF | Tow'+ ATon TOF'F‘ Tow’ |T(fff

tion.
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Fig. 18

llustration of derivative action
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C, the point C moves to the point C,. Therrefore,
the relay’s initial operating time is the time dur-
ing which V,, takes in decreasing from the point
C, to point D along the discharging curve. After
the relay releases at the point D, the controller
performs normal operation of V,+4V. The relay’s
releasing time 7,, is the time during which V,,
rises from the point D to the point E or from the
point F to the point G along the charging curve.
The relay’s operating time T,b/, moreover, is the
time during which V,, decreases from the point E
to point F or from the point C, to the point D
along the discharging curve. Therefore, the time for
the relay’s first operation when the oscillator voltage
is larger by 4V because of a rapid change of the
deviation in the negative direction immediately after
the relay has operated at the point C, is longer,
compared to 7,/, by the time 47, during which
V 4» decreases from the point C; to point C, along
the discharging curve.

When the deviation changes rapidly in the positive

\direction and the oscillator voltage is decreased, the

controller operates just opposite to the above, to
shorten the relay’s initial operating time or lengthen
the initial releasing time to bring the deviation in
the negative direction.

Variation 47, of the relay’s first operating time
when the oscillator voltage has changed from ¥, to
V44V at a rapid change of deviation immediately
after an operation of the relay is expressed by the
formula (10) and the variation 47,;, of relay’s first
releasing when the oscillator voltage has changed
from V, to V,+ 4V immediately after a releasing of
the relay is expressed by the formula (11).

V. —
AT, =T-1, n Vo . 10
Vo Vo dV 10
AV
AT, :T-l,,<1+ 7A\> (11
7 V0+me_Vaff ( )

where, T=time constant

—

Transistorized Oscillator Type Controller

Here, when the deviation changes rapidly in the
negative direction, 4V >0; when the deviation
changes rapidly in the positive direction, 4V < 0.

lll.  RELAY

The relay used in this controller is FUJITSU’s
relay No. 34. This relay is provided with large silver
contacts; it has a large capacity contact of 1kw
(maximum voltage 200v and maximum current
8 amp.). Moreover, since the relay is equipped with
a spark quencher using a varister, it can be used
directly to drive heaters, electromagnetic switch,
electromagnetic valves and saturable reactors, etc.
Its cover is made of polycarbonate and is moisture-
proof. Because of its plug-in construction, handling
is simple. Its contacts will last for more than
several million operations in practice.

[V. CONCLUSION

We have described the principle, construction and
features of the transistorized oscillator type con-
troller, TZ-1I. This controller operates with stability
regardless of external conditions, power supply voltage
variation and environmental temperature changes.
Moreover, it performs indicating, warning or propor-
tional actions. Derivative action can be added to
the proportional action for more stabilized control-
ling.

Handling is extremely simple ; for adjusting external
circuit resistance, all that is needed is only to adjust
R; so that the pointer indicates the mechanical zero
point.

Because of its excellent performance and many
advantages, we believe that this controller will be
used extensively. We will consider fully the users’
requirements, recommendations, etc., and strive to
add more improvements to this instrument.
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